brine shrimp are a good experimental model for study ofgene expression during development.
Introduction
The Natand K -activated adenosine triphosphatase (Na,K.ATPase) is an intrinsic membrane protein which maintains Na and K dcctrochemical gradients across the plasma membrane (Baxter-Lowe and Hokin, 1989; Blostein, 1989; Norby, 1989; Glynn, 1988; Skou, 1988; Rossier et al., 1987) . The ion gradients are essential for osmotic homeostasis and certain physiological processes, such as the excitation of nerve and muscle, ion transport in structures such as the kidney and intestine, and ion secretion in glands such as the avian salt gland and salivary gland. The brine shrimp Artemia is advantageous for developmental studies because of its availability and its rapid development after suspension of cysts in seawater. Developmental structures of brine tensively studied in mammalian organs (Lingrel et al., 1990; Chehab et al., 1987; Herrera et al., 1987; Mercer et al., 1986) and in brine shrimp (Guo and Hokin, 1989; Fisher et al., 1986; Peterson et al., 1978a Peterson et al., ,b,1982 . In the present study an immunocytochemical technique was utilized to localize expression ofthe Na,K-ATPase We have repeated our experiments three times, looking at five serial sections in each experiment. Ten brine shrimp in each section were examined.
13-Subunit Immunostaining
At the gastrula and emergence 1 stages (0 and 12 hr), the 13-subunit was not detected (Figures 9 and 10) . At the emergence 2 stage (16 hr), positive staining was mainly found in the epidermis ofthe trunk region ( Figure  11 ). At the nauplius 1 stage (24 hr), the 13-subunit began to appear in cells in the salt gland and in the brain region, as well as in mesenchymal cells in the trunk region ( Figure  13 ).
At the nauplius 2 stage (36 hr), the 13-subunit was more clearly localized in the salt gland, in mesenchymal cells, and in epidermal cells than in the previous stages (Figures 14 and 15) . At the nauplius 3 stage (48 hr co-localization of the a-and 13-subunits of the enzyme appeared in all positive cells. The enzyme was predominantly localized at the basolateral domain ofthe membrane in the epidermal and salt gland cells.
There was no positive reaction for a-or 13-subunit in controls prepared either by pre-incubation ofprimary antibodies with purified enzyme proteins or by omitting primary antibodies.
Discussion

Results
a-Subunit Immunostaining
The a-subunit ofthe enzyme was not detected in the gastrula and The present immunocytochemical observations ofthe a-and 13-subunits of the Na,K-ATPase in developing brine shrimp extend earher biochemical analyses (Guo and Hokin, 1989; Fisher et al., 1986; Peterson et al. , 1982; Conte et al. , 1977) and histochemical studies (Conte, 1984 water balance also exists. It utilizes the manufacture ofglycerol from trehalose to form a hyperosmotic concentration of free glycerol in tissue fluids that would balance the osmolality ofseawater (Clegg, 1962 (Clegg, ,1964 .
The enzyme level began to increase after 6 hr of incubation (Fisher et al. , 1986) . By hourly measurement of the total sodium in the extracellular fluid through each larval stage, Conte et al. (1977) suggest that the switch from the passive, glycerol-mediated 
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-10-si.. It has been suggested that the midgut epithelium becomes functional by the nauplius 3 stage and may be the site for active uptake ofNaCl and water (Hootman and Conte, 1974) . Our results show that the enzyme progresses to the midgut mucosa at the same late developmental stage (48-hr incubation; nauplius 3 stage). This confirms that Na,K-ATPase in the midgut mucosa is responsible for the active transport of NaCl and water at late stages.
Co-localization of the a-and 13-subunits of Na,K-ATPase appeared in all positive cells during development. This is compatible with previous studies that show both the a-and 13-subunits of Na,K-ATPase as one functional unit.
In the present study, polyclonal antibodies previously prepared (Fisher et al., 1984) against the Na,K-ATPase (both a-and 13-subunits) ofthe brine shrimp were used. Specificity controls have been carried out, i.e. , there was no positive reaction for a-and 13-subunits after pre-incubation of primary antibodies with purified enzyme protein subunits. We used these antibodies in an immunoprecipitation experiment and they precipitated only the a-and 13-subunits, as indicated by polyacrylamide gel electrophoresis (Fisher et al., 1984) . More recently we applied them to screen a cDNA library in an expression vector, and all positive clones we detected were specific clones for the Na,K-ATPase (Bhattacharyya et al., 1990; Baxter-Lowe et al. , 1989) . Taken together, these data suggest that the polyclonal antibodies used in this study are specific for the Na,K-ATPase.
There is a 22% overall amino acid sequence homology between the a-subunit of the Na,K-ATPase and the membrane transporting Ca-ATPase in mammals (Shull and Greeb, 1988) . We could predict that the sequence homology between these two enzymes would be also low in brine shrimp, although in brine shrimp the membrane transporting Ca-ATPase has not been sequenced; however, on the basis ofthe results in mammals, the crossreactivity between these two enzymes in brine shrimp is likely to be low. Therefore, the Ca-ATPase should not be a confounding factor in these studies.
In brine shrimp, there are two a-subunits, ai and a2 (Peterson et al., 1978b (Peterson et al., ,1982 .
The distinction was not made between a -and a2-subunits in this study, as the polyclonal antibody recognized both a-subunits (Fisher et al., 1986) . 
